Electroreception
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Electroreceptors (Ampullae of Lorenzini) and lateral line canals in the head of a shark.

Electroreception is the biological ability to perceive natural electrical stimuli. It has been
observed almost exclusively in aquatic or amphibious animals, since salt-water is a much
better conductor than air, the currently known exceptions being echidnas, cockroaches and bees.
Electroreception is used in electrolocation (detecting objects) and forelectrocommunication.

Active electrolocation. Conductive objects concentrate the field and resistive objects spread the field.
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For the elephantfish (hereGnathonemus) the electric field emanates from an electric organ in the
tail region (gray rectangle). It is sensed by the electroreceptive skin areas, using two electric pits
(foveas) to actively search and inspect objects. Shown are the field distortions created by two
different types of objects: a plant that conducts better than water, above (green) and a non-
conducting stone, below (gray).

Until recently, electroreception was known only in vertebrates. Recent research has shown that
bees can detect the presence and pattern of a static charge on flowers.-Electroreception is found
in lampreys, cartilaginousfishes (sharks, rays, chimaeras), lungfishes, bichirs,coelacanths, sturgs,
paddlefishes, catfishes, gymnotiformes, elephantfishes, monotremes, and at least one species
of cetacean. The electroreceptor organs in all these groups are derived embryologically from
a mechanoreceptor system. In fishes they are developed from the lateral lines. In most groups
electroreception is passive, where it is used predominantly in predation. Two groups
of teleost fishes are weakly electric and engage in active electroreception; the Neotropical
knifefishes (Gymnotiformes) and the African elephantfishes (Notopteroidei). A rare terrestrial
exception is the Western long-beaked echidna which has about 2,000 electroreceptors on its bill,
compared to 40,000 for its semi-aquatic monotreme relative, the duck-billed platypus.

Electrolocation

Electroreceptive animals use this sense to locate objects around them. This is important
in ecological niches where the animal cannot depend on vision: for example in caves, in murky
water and at night. Many fish use electric fields to detect buried prey. Some shark embryos and
pups "freeze" when they detect the characteristic electric signal of their predators. It has been
proposed that sharks can use their acute electric sense to detect the earth's magnetic field by
detecting the weak electric currents induced by their swimming or by the flow of ocean currents.
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The walking behaviour of cockroaches can be affected by the presence of a static electric field:
they like to avoid the electric field. Cabbage loopers are also known to avoid electric fields.

Active electrolocation

In active electrolocation, the animal senses its surrounding environment by generating electric
fields and detecting distortions in these fields using electroreceptor organs. This electric field is
generated by means of a specialised electric organ consisting of modified muscle or nerves. This
field may be modulated so that its frequency and wave form are unique to the species and
sometimes, the individual Jamming avoidance response). Animals that use active
electroreception include the weakly electric fish, which either generate small electrical pulses
(termed "pulse-type") or produce a quasi-sinusoidal discharge from the electric organ (termed
"wave-type"). These fish create a potential which is usually smaller than one volt. Weakly electric
fish can discriminate between objects with different resistance and capacitance values, which
may help in identifying the object. Active electroreception typically has a range of about one body
length, though objects with an electrical impedance similar to that of the surrounding water are
nearly undetectable.

Passive electrolocation

In passive electrolocation, the animal senses the weak bioelectric fields generated by other
animals and uses it to locate them. These electric fields are generated by all animals due to the
activity of their nerves and muscles. A second source of electric fields in fish is the ion pumps
associated with osmorequlation at the gill membrane. This field is modulated by the opening and
closing of the mouth and gill slits. Any fish that prey on electrogenic fish use the discharges of
their prey to detect them. This has driven the prey to evolve more complex or higher frequency
signals that are harder to detect. Passive electroreception is carried out solely by ampullary
electroreceptors in fish. It is tuned to low frequency signals (less than 1 Hz to tens of Hz).

Fish use passive electroreception to supplement or replace their other senses when detecting
prey and predators. In sharks, sensing an electric dipole alone is sufficient to cause them to try to
eatit.

Electrocommunication

Weakly electric fish can also communicate by modulating the electrical waveform they generate,
an ability known as electrocommunication. They may use this for mate attraction and territorial
displays. Some species of catfish use their electric discharges only in agonistic displays.

In one species of Brachyhypopomus (a genus of South American river fish belonging to the
family Hypopomidae, commonly known as bluntnose knifefishes), the electric discharge pattern is
similar to the low voltage electrolocative discharge of the electric eel. This is hypothesised to be a
form of Batesian mimicry of the dangerous eel.

Sensory mechanism

Active electroreception relies upon tuberous electroreceptors which are sensitive to high
frequency (20-20,000 Hz) stimuli. These receptors have a loose plug of epithelial cells
which capacitively couples the sensory receptor cells to the external environment. Passive
electroreception however, relies upon ampullary receptors which are sensitive to low frequency
stimuli (below 50 Hz). These receptors have a jelly-filled canal leading from the sensory receptors
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to the skin surface. Mormyrid electric fish from Africa use tuberous receptors known
as Knollenorgans to sense electric communication signals.

Examples
Sharks and rays

Sharks and rays (members of the subclass Elasmobranchii), such as the lemon shark, rely
heavily on electrolocation in the final stages of their attacks, as can be demonstrated by the
robust feeding response elicited by electric fields similar to those of their prey. Sharks are the
most electrically sensitive animals known, responding to DC fields as low as 5 nV/cm.

The electric field sensors of sharks are called the ampullae of Lorenzini. They consist of
electroreceptor cells connected to the seawater by pores on their snouts and other zones of the
head. A problem with the early submarine telegraph cables was the damage caused by sharks
who sensed the electric fields produced by these cables. It is possible that sharks may use
Earth's magnetic field to navigate the oceans using this sense.

Bony fish
The electric eel, besides its ability to generate high voltage electric shocks, uses lower voltage

pulses for navigation and prey detection in its turbid habitat. This ability is shared with
other gymnotiformes.

Monotremes

The monotremes are the only group of land mammals known to have evolved electroreception.
While the electroreceptors in fish and amphibians evolved from mechanosensory lateral line
organs, those of monotremes are based on cutaneous glands innervated by trigeminal nerves.
The electroreceptors of monotremes consist of free nerve endings located in the mucous glands
of the snout. Among the monotremes, the duck-billed platypus (Ornithorhynchus anatinus) has
the most acute electric sense. The platypus has almost 40,000 electroreceptors arranged in a
series of stripes along the bill, which probably aids the localisation of prey. The platypus
electroreceptive system is highly directional, with the axis of greatest sensitivity pointing outwards
and downwards. By making short-latency head movements called "saccades" when swimming,
platypuses constantly expose the most sensitive part of their bill to the stimulus to localise prey as
accurately as possible. The platypus appears to use electroreception along with pressure
sensors to determine the distance to prey from the delay between the arrival of electrical signals
and pressure changes in the water.

The electroreceptive capabilities of the two species of echidna (which are terrestrial) are much
more simple. Western long-beaked echidnas (Zaglossus bruijnii) possess only 2,000 receptors
and short-beaked echidnas (Tachyglossus aculeatus) merely 400 that are concentrated in the tip
of the snout. This difference can be attributed to their habitat and feeding methods. Western long-
beaked echidnas live in wet tropical forests where they feed on earthworms in damp leaf litter, so
their habitat is probably favourable to the reception of electrical signals. Contrary to this is the
varied but generally more arid habitat of their short-beaked relative which feeds primarily on
termites and ants in nests; the humidity in these nests presumably allows electroreception to be
used in hunting for buried prey, particularly after rains. Experiments have shown that echidnas
can be trained to respond to weak electric fields in water and moist soil. The electric sense of the
echidna is hypothesised to be an evolutionary remnant from a platypus-like ancestor.
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Dolphins

Dolphins have evolved electroreception in structures different from those of fish, amphibians and
monotremes. The hairless vibrissal crypts on the rostrum of the Guiana _dolphin(Sotalia
guianensis), originally associated with mammalian whiskers, are capable of electroreception as
low as 4.8 pVicm, sufficient to detect small fish. This is comparable to the sensitivity of
electroreceptors in the platypus. To date (June 2013), these cells have been described from only
a single dolphin specimen.

Bees

Bees collect a positive static charge while flying through the air (see Atmospheric electricity).
When a bee visits a flower, the charge deposited on the flower takes a while to leak away into the
ground. Bees can detect both the presence and the pattern of electric fields on flowers, and use
this information to know if a flower has been recently visited by another bee and is therefore likely
to have a reduced concentration of nectar. The mechanism of electric field reception in animals
living in the air like bees is based on mechano- reception, not electroreception. Bees receive the
electric field changes via the Johnston's organs in their antennae and possibly other mechano-
receptors. They distinguish different temporal patterns and learn them. During the waggle
dance, Honeybees appear to use the electric field emanating from the dancing bee for distance
communication.
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